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XANTHINE DERIVATIVES AS MUSCARINIC RECEPTOR ANTAGONISTS 

FIELD OF THE INVENTION 

This invention generally relates to derivatives of 3,6-disubstituted 
5 azabicyclo[3. 1 .0] hexanes. 

The compounds of this invention can function as muscarinic receptor antagonists, 
and can be used for the treatment of various diseases of the respiratory, urinary and 
gastrointestinal systems mediated throug}i muscarinic receptors. 

The invention also relates to a process for the preparation of the compounds of the 
10 present invention, pharmaceutical compositions containing the compoimds of the present 
invention and the methods for treating the diseases mediated through muscarinic receptors, 

BACKGROUND OF THE INVENTION 

Muscarinic receptoi^ as members of the G Protein Coupled Receptors (GPCRs) are 
composed of a family of 5 receptor sub-types (Mi, M2, M3, M4 and M5) and are activated 

15 by the neurotransmitter acetylcholine. These receptors are widely distributed on multiple 
organs and tissues and are critical to the maintenance of central and peripheral cholinergic 
neurotransmission. The regional distribution of these receptor sub-types in the brain and 
other organs has been documented. For example, the Mi subtype is located primarily in 
neuronal tissues such as cereberal cortex and autonomic ganglia, the M2 subtype is present 

20 mainly in the heart where it mediates cholinergically induced bradycardia, and the M3 
subtype is located predominantly on smooth muscle and salivary glands (Nature. 1986; 
323: 411; Science, 1987; 237: 527). 

A review in Current Opinions in Chemical Biologv . 1999; 3: 426, as well as in 
Trends in Pharmacological Sciences. 2001; 22: 409 by Eglen et. aL, describe the biological 
25 potentials of modulating muscarinic receptor subtypes by ligands in different disease 
conditions like Alzheuner's disease, pain, urinary disease condition, chronic obstructive 
pulmonary disease etc. 

A review in J. Med Chem. . 2000; 43: 4333 by Christian C, Felder et. al, describes 
therapeutic opportunities for muscarinic receptors in ttie caitral nervous system and 
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elaborates on muscarinic receptor structure and function, pharmacology and their 
therapeutic uses. 

The pharmacological and medical aspects of the muscarinic class of acetylcholine 
agonists and antagonists are presented in a review in Molecules. 2001, 6: 142. 

5 NJ.M. Birdsall et al. in Treads in Pharmacolopical Sciences. 2001; 22: 215 have 

also summarized the recent developments on the role of different muscarinic receptor 
subtypes using diffraent muscaranic receptors of knock out mice. 

Muscarinic agonists such as muscarine and pilocarpine and antagonists such as 
atropine have been known for over a century, but little progress has been made in the 

10 discovery of receptor subtype-selective compounds making it difficult to assign specific 
functions to the individual receptors. Although classical muscarinic antagonists such as 
atropine are potent bronchodilators, their clinical utility is limited due to high incidence of 
both, peripheral and central adverse effects such as tachycardia, blurred vision, dryness of 
mouth, constipation, dementia, etc. Subsequent development of the quarterly derivatives 

15 of atropine such as ipratropium bromide are better tolerated than parenterally administered 
options but most of them are not ideal anti-cholmergic bronchodilators due to lack of 
selectivity for muscarinic receptor sub-types. The existing compounds offer Ihnited 
tiier^eutic benefit due to their lack of selectivity resulting in dose limiting side-effects 
such as thirst, nausea, mydriasis and those associated with the heart such as tachycardia 

20 mediated by the M2 receptor. 

Annual review of Pharmacological ToxicoL. 2001; 41: 691, describes the 
pharmacology of the lower urinary tract infections. Although anti muscarinic agents such 
as oxybu^nin and tblterodine that act non-selectively on muscarinic receptors have been 
used for many years to treat bladder hyperactivity, the clinical effectiveness of these 

25 agents his been limited due to the side effects such as dry mouth, blurred vision and 
constipation. Tolterodine is considered to be generally better tolerated than oxybutynin. 
(WD.Steers et, al. in Curr. Opin. Invest. Drugs. 2: 268, C Jl. Chappie et. al. in Urology, 
55: 33), Steers WD, Barrot DM, Wein AJ, 1996, Voiding dysftmction: diagnosis 
classification and management. In "Adult and Pediatric Urology/' ed. JY Gillenwatter, JT 

30 Grayhack, SS Howards, JW Duckett, pp 1220-1325, St, Louis, MO; Mosby. 3"* edition.) 
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Despite these advances, there remains a need for development of new highly 
selective muscarinic antagonists which can interact with distinct subtypes, thus avoiding 
the occurrence of adverse effects. 

Compounds having antagonistic activity against muscarinic receptors have been 
5 described in Japanese patent ^plication Laid Open Number 92921/1994 and 
135958/1994; WO 93/16048; US. Patent No. 3,176,019; GB 940,540; EP 0325 571; WO 
98/29402; EP 0801067; EP 0388054; WO 9109013; U.S. Patent No. 5,281.601. U.S. 
Patent Nos. 6,174,900, 6,130,232 and 5,948,792; WO 97/45414 are related to 
1,4-disubstituted piperidine derivatives; WO 98/05641 describes fluorinated, 
10 1,4-disubstitued piperidine derivatives; WO 93/16018 and W096/33973 are other close art 
references. 

A report in J, Med> Chem.. 2002; 44:984, describes cyclohexyhnethyl piperidinyl 
triphenylpropioamide derivatives as selective M3 antagonist discriminating against the 
other receptor subtypes. 

15 SUMMARY OF THE INVENTION 

The present invention provides 3,6-disubstituted azabicyclo[3.1.01hexanes which 
function as muscarinic receptor antagonists which are useful as safe treatment of various 
diseases of the respiratory, urinary and gastrointestinal systems, and method for the 
synthesis of the compounds. 

20 The invention also provides pharmaceutical compositions containing the 

compounds, and which may also contain acceptable carriers, excipients or diluents which 

are useful for the treatment of various diseases of respiratory, urinary and gastromtestinal 

* 

systems. 

The invention also includes the enantiomers, diastercomers, polymorphs, 
25 pharmaceutically acceptable salts, phaimaceutically acceptable solvates, esters, N-oxides 
and metabolites of these compounds having the same type of activity. 

The invention further includes pharmaceutical compositions comprising the 
compounds of the present invention, their enantiomers, diastereomers, polymorphs, 
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phannaceutically acceptable solvates^ esters, N-oxides or metabolites, in combiaation with 
phamiaceutically acceptable carrier and optionally included excipients. 

Other advantages of the invention will be set forth in the description which follows 
and ixi part will be q)parent from the description or may be learnt by the practice of the 
5 invention. The objects and the advantages of the invention may be realized and obtained 
by means of the mechanisms and combinations pointed out in the appended claims. 

In accordance with one aspect of the present invention, there is provided a 
compound having the structure of Formula I: 



10 



15 




Formula 1 



and its phaimaceutically acceptable salts, pharmaceutically acceptable solvates, esters, 
20 enantiomers, diasterecmers, N-oxides, polymotphs, or metaboUtes, wherein 
W represents (CH2)p, where p represents 0 to 1 ; 

X represents an oxygen, sulphur, -NR or no atom, wherein R represents hydrogen or 
Ci^ alkyl; 

Y represents CHRiCO, whereui Ri represents hydrogen, metii>d or (CH2)q wherein q 
25 represents 0 to 4; 

Z represents oxygen, sulphur, NR2, wherein R2 represents hydrogen or Ci-e 
alkyl; 

Q represents (CH2)ib wherein n represents 0 to 4, or CHR3 wherein R3 represents H, 
OH, Ci^ alkyl, Ci^ alkenyl, Ci-e alkoxy or CH2CHR5 wherein R5 represents H, 
30 OH, lower alkyl (C1-C4) or lower alkoxy (C1-C4); 

R4 represents hydrogen, C1-C15 saturated or unsaturated aliphatic hydrocarbon groups 
in which any 1 to 6 hydrogen atoms may be substituted with the group 
independently selected from halogen, arylalkyl, arylalkenyl, heteroarylalkyl or 
heteroarylalkenyl having 1 to 2 hetero atoms selected from the group consisting of 
35 nitrogen, oxygen and sulphur atoms with an option that any 1 to 3 hydrogen atoms 
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on an aryl or heteroaryl ring in said arylalkyl, arylalkenyl, hetero arylalkenyl group 
may be substituted with lower alkyl (C1-C4), lower perhalo alkyl (C1-C4), cyano, 
hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy (C1-C4), lower 
perhaloalkoxy (C1-C4), unsubstituted amino, N-lower alkylamino (C1-C4) or N- 
5 lower alkylamino carbonyl (C1-C4) N,N-lower dialkylamino (C1-C4); NjN[-lower 

dialkylamino carbonyl (C1-C4). 

R<s and R7 are independently selected fiom H, COOH, CHj. CONH2, NH2 or CH2NH2; and 

Rg and R9 are independently selected from a group consisting of lower alkyl (C1-C4), 
trifluoromethyl. cyano, halogen, hydroxy, nitto, lower alkoxy (C1-C4), amino or lower 
10 alkylamino. 

In accordance witii a second aspect of the present invention there is provided a 
compound having Ihe structure of Formula II and its pharmaceutically acceptable salts, 
phannaceutically acceptable solvates, esters, enantiomers, diastereomers, N-oxides, 
polymorphs, metabolites, wherein W, X. Y, Z, Q, R4, Rs and R9 are the same as defined 
15 for Formula L 




Formula It 

In accordance with a Ihird aspect of the present invention, there is provided a 
20 method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder of the respiratory, urinary and gastrointestinal systems, wherem the disease or 
disorder is mediated through muscarinic receptors comprising administering to a patient in 
need tfiereof, an effective amount of compounds as described above. 

In accordance with a fourth aspect of the present invention, there is provided a 
25 method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder associated with muscarimc receptors, comprising administering to a patient in 
need thereof an effective amount of muscarinic receptor antagonist compounds as 
described above. 
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In accordance with a fifth aspect of the present invention, there is provided a 
method for treatment or prophylaxis of an animal or a human suffering from a disease or 
disorder of the respiratory systems such as bronchial asthma, chronic obstructive 
pulmonary disorders (COPD), pulmonary fibrosis, etc., urinary system which induce such 
5 urinary disorders as urinary mcontinence, lower urinary tract systems (LUTS), etc, and 
gastrointestinal system sucli as irritable bowel syndrome, obesity, diabetes and 
gastrointestinal hyperkiaesis with compound as described above, wherein the disease or 
disorder is associated with muscarinic receptors, comprising administering to a patient in 
need thereof, an effective amount of compounds as described above. 

10 In accordance with a sixth aspect of the present invention, there is provided 

process for preparing the compounds as described above. 

The compounds of the present invention exhibit significant potency in terms of 
their activity, which was determined by in vitro receptor binding and functional assays and 
in vivo experiments using anaesthetised rabbit. Compounds were tested in vitro and in 
15 vivo. Some compounds ware found to function as potent muscarinic receptor antagonists 
with high affinity towards M3 receptors. Therefore, the present invention provides 
pharmaceutical compositions for treatment of diseases or disorders associated with 
muscarinic receptors. Compounds and compositions described herein can be administered 
orally or parenterally. 
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DETAILED DESCKBPTION OF THE INVENTION 

The compounds described herein may be prepared by techniques well known in the 
art and familiar to the average synthetic organic chemist. In addition, the compounds 
described herein may be prepared by the following reaction sequence. 



Scheme-I 




H— X— Y— Z— >t 



Formula III 



Formula IV 



Condeitsirtg agent 



— C— X— Y— 35— Q 



10 




Formula V 



Deproteetiort 



\y— c— X — Y— Z— 
R9 




H 

Formula VI 



15 



W— C— X— Y— Z— Q 



N^AIkylationrN-Banzylation 




Fennula I 



20 



Although Formiaa I is shown with a particular stereochemical configuration, the 
invention is by no means limited to the production or use of compounds of a particular 
stereochemistry. Those of ordinary skill in the art will recognize methods for the 
production of confounds other than those depicted in particular Schemes or Esairqjles, 
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and which are within the scope of the appended claims. The compounds of Fonnula I of 
the present invention may be prepared by the reaction sequence as shown in Scheme L 
The preparation comprises condensing a compound of Formula EH with the compound of 
Fonnula IV wherein 

5 W represents (CH2)p, where p represents 0 to 1 ; 

X represents an oxygen, su4)hur, -NR or no atom, wherein R represents hydrogen and 
Ci.6 allcyl; 

Y represents CHRiCO, wherein Ri represents hydrogen, methyl or (CH2)q wherein q 
represents 0 to 4; 

10 Z represents oxygen, sulphur, NR2, wherein R2 represents hydrogen or C1.6 
alkyl; 

Q represents (CH2)n, wherein n represents 0 to 4, or CHR3 wherein R3 represents H, 
OH, Ci-6 alkyl, Ci^ alkenyl, C1.6 alkoxy or CH2CHR5 whwein R5 represents H, 
OH, lower alkyl (C1-C4) or Iowa: alkoxy (C1-C4); 

15 R6 and R7 are independently selected from H, COOH, CH3, CONH2. NH2 or CH2NH2; 

R« and R9 axe independently selected from a group consisting of hydrogen, lower alkyl 
(C1-C4), trifluoromethyl, cyano, halogen, hydroxy, nitro, lower alkoxy (CrC^), amino or 
lower alkylamino; and 

P is any group which can be used to protect an amino group in the presence of a 
20 condensmg agent to give a protected compound of Formula V, which on deprotection 
through reaction with a deprotecling agmt in an organic solvent gives an unprotected 
compound of Fonnula VI which is finally N-alkylated or benzylated with a suitable 
alkylating or benzylating agent LrRj to give a compoxmd of Foraiula I wherein L is any 
leaving group; 

25 R4 represents hydrogen, C1-C15 saturated or unsaturated aliphatic hydrocarbon groups 
in which any 1 to 6 hydrogen atoms may be substituted with the group 
independently selected from halogen, arylalkyl, arylalkenyl, heteroaiylalkyl or 
heteroarylalkaiyl having 1 to 2 hetero atoms selected from Ifae group consisting of 
nitrogen, oxygen and sulphur atoms with an option that any 1 to 3 hydrogen atoms 

30 on an aryl or heteroaryl ring in said aiylalkyl, arylalkenyl, hetero arylalkenjd group 

may be substituted with lower alkyl (C1-C4), lower perhalo alkyl (CrC4), cyano, 

8 
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hydroxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy (C1-C4), lower 
perhaloalkoxy (C1-C4), unsubstituted amino, N-lower alkylamino (C1-C4) or N- 
lower alkylamino carbonyl (C1-C4) N.N-lower dialkylamino (C1-C4); N,N-lower 
dialkylamino carbonyl (C1-C4). 

5 P is any protecting group for an amino group for a compound of Formula VI and is 

selected from benzyl and t-butyloxy carbonyl groups. 

The reaction of the compound of Formula HI with a compound of Formula IV to 
give a compound of Formula V can be carried out in presence of a condensing agent, for 
exanqjle, l-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (EDC) and 1, 8- 
10 diazabicyclo [5.4.0] undec-7ene (DBU). 

The reaction of the compound of Formula III with a compound of Fonnula IV to 
give a compound of Fonnula V can be carried out in a suitable solvent for example, N, N- 
dimethylformamide, dimethylsulfoxide, toluene and xylene at a temperature ranging from 
about 0 to about 140^C. 

15 The dcpiotection of the compound of Formula V to give a compound of Formula 

VI can be carried out with a deprotecting agent, for example, palladium on carbon, 
trifluoroacetic acid (TFA) and hydrochloric acid. 

The deprotection of the compound of Formula V to give a compound of Formula 
VI can be earned out in a suitable organic solvent, for example, methanol, ethanol, 
20 tetrahydrofuran and acetonitrile at temperatures ranging from about 10 to about 50^C, 

The N-alkylation or benzylation of the compound of Fonnula VI to give a 
compound of Formula I can be carried out with a suitable allcylating or benzylating agent, 
L- R4 wherein L is any leaving group, known in the art, for example, halogen, Omesityl 
and 0-tosyl group, 

25 The N-alkylation or benzylation of the compound of Formula VI to give a 

compound of Fonnula I can be earned out in a suitable organic solvent such as N, N- 
dimethylfoxmamide, dimethylsulfoxide, tetrahydrofuran and acetonitrile, at temperatures 
ranging from about 25 to about 100**C. 
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In tiie above scheme, where specific bases, condensing agents, protecting groups, 
deprotecting agents, N-alkylating/benzylating agents, solvents, etc. are mentioned, it is to 
be understood that other bases, condensing agents, protecting groups, deprotecting agents, 
N-alkylating/benzylating agents, solvents, etc, known to those skilled in the art maybe 
5 used. Similarly, the reaction tonperatuie and duration may be adjusted according to the 
desired needs. 

Suitable salts of compounds rq)resented by the Formula I were prepared so as to 
solubilize the compound in aqueous medium for biological evaluations. Examples of such 
salts are pharmacologically acceptable salts such as inorganic acid salts (e.g. 

10 hydrochloride, hydrobromide, sulphate, nitrate and phosphate), organic acid salts (e.g. 
acetate^ tartarate, citrate, fumarate, maleate, toluenesulphonate and methanesulphonate). 
When a carboxyl group is included in the Formula I as a substituent, it may be in its alkali 
metal salt form (e.g. sodium, potassium, calcium, magnesium, and the like). These salts 
may be prepared by the usual prior art techniques, such as treating the compound with an 

15 equivalent amount of inorganic or organic, acid or base in a suitable solvent. 

Particular compounds which are capable of being produced by the Scheme I include: 
Compound No. Chemical Name 

1 . 9H-Xanthene-9-carboxylic acid-[(3-benzyl)-3-azabicyclo[3. 1 .0]-hex-6-yl]amide 
(Compound No. 1) 

20 2, 9H-Xanthene-9-carboxylic acid-[3-(4-cyanobenzyl)-3-azaLbicyclo[3.1.0]-hex-6-yl] 
amide (Compound No, 2) 

3. 9H-Xanthene-9-carboxylic acid-[(3-benzyl)-3-azabicyclo[3.1.0]-hex-6-yl-methyl] 
amide (Compound No. 3) 

4, 9H-Xanthene-9-carboxylic acid-[(3-benzyl)-3-azabicyclo[3.1 .OJ-hex-l-yl-methyl]- 
25 amide (Compound No. 4) 

Compounds or compositions may be administered to an animal for treatment 
orally, or by a parenteral route. Pharmaceutical compositions disclosed herein can be 
produced and administered in dosage units, each unit containing a certain amount of at 
least one compound described herein and/or at least one physiologically acceptable salt 
30 addition thereof. The dosage may be varied over extremely wide limits as the compounds 
are effective at low dosage levels and relatively free of toxicity. The compoimds may be 
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administered in the low micromolar concentration, which is thraapeutically effective, and 
the dosage may be increased as desired up to the maximum dosage tolerated by the 
patient. 

The present invention also includes the enantiomers, diastereomers, N-Oxides, 
5 polymorphs, solvates andpharmaceutically acceptable salts of these compounds as well as 
metabolites having the same type of activity. The present invention further includes 
pharmaceutical composition comprising the molecules of Formula I and H, metabolites, 
enantiomers, diastereomers, N-oxides, polymorphs, solvates orpharmaceutically 
acceptable salts thereof, in combinaaon with phatmaoeutically acceptable carrier and 
10 optionally included excipients. 

The examples mentioned below demonstrate the general synthetic procedure as 
well as the specific preparation of the preferred compound. The examples are provided to 
illuslrate particular aspects of the disclosure should not be constrained to limit the scope of 
the present invention, as defined by the claims. 



15 



EXPERIMENTAL DETAILS 

Various solvents, such as acetone, methanol, pyridine, ether, tetrahydrofinan, 
hexanes, and dichloromethane were dried using various drying reagents according to 
procedures well known in the literature. IR spectra were recorded as nujol mulls or a thin 
neat fihn on a Perkin Elmer Paragon instrument. Nuclear Magnetic Resonance (NMR) 
20 spectra were recorded on a Varian XL-300 MHz instrument using tetramethylsilane as an 
intemal standard. 

Example 1: Preparation of 9H-Xanthene^9-carboxyUc acid-[(3-benzyl)-3-azabicyclo 
p.l.Ol-hex-6-yl amide (Compoimd No. 1) 

A solution of Xanthene-9-carboxylic acid (Lancaster Synthesis, Windham KH) 
25 (0.25g, 1 eqv) and N-3-benzyl-3-azabicyclo [3.1.0] hex-6-yl-amine (0.31 g, 1.5 eqv) 

(procedure of T.F. Braish et. al., Synlett, 1996, 1100) in dimethylfoimamide was cooled to 
O^C. Butanol was then added followed by the addition of N-methyl morpholine (NMM). 
The reaction mixture was stirred for 30 minutes at 0°C. l-(3-dimethylaminopropyl)-3- 
ethyl carbodiimide hydrochloride (EDC) was then added and the reaction mixture was 
30 again stirred for 3 hr at 0*C. It was then allowed to stir at room temperatiire and the 
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organic compound 9H-xaQthene-9-carboxylic acid-(3-benzyl)-3-azabicyclo[3.1.0]-hex-6- 
yl]-amide (0.35g) was extracted with dichloromethane. The solvent dichloromethane was 
evaporated under reduced pressure and dried under vacuuo. The organic compound was 
purified by column chromatography. The melting point was 217-219°C; ^HNMR 
5 (CDCI3): 7.39-7.32 (m, 2H), 7.30-7,07 (m, 1 IH), 5,20 (bs, IH), 4.85 (s, 2H), 3.02-2.93 (m, 
3H), 2.29 (d, 2H, J=6Hz), 1.28-1.26 (m, 2H); mass (nVz): 397; IR (KBR): 3296, 2788, 
1684 cm'^ 

Example 2: Preparation of 9H-Xanthene-9-carboxylic add-[3-(4-cyano-beii2yl)-3- 
azabicyclo[3 J.01-hex-6-yl]amide (Compound No. 2) 

10 The compound 9H-xanthene-9-caiboxylic acid-(3-ben2yl-3-azabicyclo [3.1 .0]hex- 

6-yl amide (3,00 mg, 1 eqv), as prq)ared in Example 1, was dissolved in methanol: 
tetrahydrofuran (80:20) (200 ml). To tins reaction mixture, palladium on carbon was 
added and the resulting reaction mixture was stirred for 5 hours. To that mixture, acetic 
acid was added, followed by stirring for 4 hours. The organic compound xanthene-9- 

15 carboxylic acid-3-azabicycIo [3.1 .0]-hex-6-yl amide was then filtered off and used as such 
without purification, which was dissolved in dimefhylformamide, and potassium carbonate 
and potassium iodide were added. To this reaction mixture was added 4-cyano benzyl 
bromide and the reaction mixture was stirred overnight at room temperature. It was then 
diluted with water and the organic compound 9H-Xanthene-9-carboxylic-[4-(4- 

20 cyanobenzyl)-3-azabicyclo [3 . 1 .0]-hex-6-yl-amide was extracted with ethylacetate. 

Purification of this compound was done by column chromatography using silica gel (100- 
200 mesh). Column was eluted with (ethyl acetate : hexane) : (50 :50), (70 :30), (85 :15) 
to yield 150 mg of the desired compound. The melting point was 201-202^C; ^HNMR 
(CDCI3): 7.53 (d, 2H, J=8.1 Hz), 7.38-7.26 (m, 6H), 7.13-7.08 (m, 4H), 5.21 (bs, IH), 4.85 

25 (s, IH), 3.54 (s, 2H), 3.00 (d, 2H, J=8.7 Hz), 2.91 (s, IH), 2.31 (d, 2H, J-8.7 Hz), 1.31- 
1.25 (m. 2H); Mass (m/z) 422; IR (KBr): 3240, 2783, 2227, 1640 cm"^ 

Example 3: Preparation of 9H-Xan1hene-9-carboxylic acid-[(3-ben»yl)-3- 
azabicyclo[3.1.0]-hex-6-yl]-methyl] amide (Compound No J) 

A solution of xanthene-9-carboxylic acid O^ncaster) (0,25 g, 1 eqv.) and N-3- 
30 benzyl-3-azabicyclo [3.L0] hex-6-yl-methyl amine (procedure of EP 0,413,455 A2) in 
dimethylformamide were taken and cooled to 0**C. Butanol and N-methyl moipholine 
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(NMM) were also added subsequently. The solution was allowed to stir for 30 minutes at 
(fC. l-(3-dimethylaminopropyl)-3-ethylcarbodiiitiide hydrochloride (EDC) was then 
added and the stining was continued for 3 hr at O^C. The reaction mixture was then stirred 
at room temperature. The reaction mixture was dihited with water and then extracted the 

5 organic compound 9H-xanthene-9-caTboxylic acid-(3-benzyl)-3-azabicyclo[3.1 .0]-hex-6- 
yl]amide with ethyl acetate. Evaporated ethyl acetate under reduced pressure and dried 
under vacuuo. The purification was done by column chromatography using silica gel. 
Column was eluted with a mixture of ethyl acetate : hexane (10:90); Ethyl acetate : hexane 
(20:80); Ethyl acetate : Hexane (30:70); Ethyl acetate : Hexane (50:50); Ethyl Acetate : 

10 Hexane (65:25) to yield 80 mg of the desired product. The melting point was ISl-lSS'C; 
^HNMR (CDCI3) 5: 7.39 (d, 2H, J=7.6 Hz), 7.31-7.09 (m, UH), 5.27 (bs, IH), 4.87 (s, 
IH), 3.52 (s, 2H), 3.00-2.95 (m, 2H), 2.80 (d. 2H, J-8.5 Hz), 2.23 (d, 2H, J=8.6 Hz), 1 25- 
1.19 (m, IH), 1.10 (m, 2H);Mass. (m/z): 411.2. 

Example 4: Preparation of 9H-Xanthene-9-carboxyUc acid-[(3-benzy>3- 
15 azabicyclol3.1.0]-hex-l-yl-niettiyllamide (Compound No. 4) 

A solution of xanthene-9-carboxylic acid (Lancaster) (0.25 g, 1 eqv.) and N-3- 
benzyl-3-azabicyclo [3.1.0]hex-l-yl methylaraine (procedure of BP 0,413, 455 A2) in 
dimefhylfoimamide was cooled at O^C. Butanol and N-methyl morpholine (NMM) were 
also added subsequently. The solution was allowed to stir for 30 minutes at 0°C. l-(3- 

20 dimethylaminopropyl)-3-ethylcarbodiumde hydrochloride (EDC) was then added and the 
Stirling was continued for 3 hr at O'^C. The reaction mixture was then stirred at room 
temperature. The reaction mixhne was diluted with water and the organic compound (IR 
or IS) 9H-xanthene-9-carbox>lic acid(3-benzyl)-3-azabicyclo[3.1.0]hex-6-yl- 
niethyl]amide was extracted with ethyl acetate. Ethyl acetate was removed under reduced 

25 pressure and the residue dried under vacuuo. The purification was done by column 
chromatogr^hy using silica gel. Column was eluted with a mixture of ethyl acetate: 
hexane (5:95); (10:90); (15:85); (20:80); (30:70); (40-60) to yield 70 mg of the desired 
compound. The melting point was 186-188°C; 'HNMR (CDQa) 8: 7.06-7.39 (m. 13H), 
5.26 (bs, IH), 4.87 (s, IH), 3.44 (dd, 2H, J=5.7 MHz), 3.19-3.25 (m, 2H), 2.78-2.81 (m, 

30 IH), 2.63-2.66 (m, IH), 2.10-2.14 (m, IH). 1.93-1.96 (m^ IH), 1.00-1.03 (m, IH), 0.90 (m, 
IH), 0.19-0.23 (m, IH); Mass. :myzF411.3. 

Example 5: Radioligand Binding Assays 
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The affinity of test compounds for M2 and M3 muscarinic receptor subtypes was 
detennined by [^HJ-N-methylscopolamine binding studies using rat heart and 
submandibular gland respectively as described by Moriya et al., fLife Scu 
1999,64(25):2351-2358) withminor modifications. 

5 Membrane p re paration : Submandibular glands and heart were isolated and placed 

in ice cold homogenising buffer (HEPES 20mM, lOmM EDTA, pH 7.4) immediately after 
sacrifice. The tissues were homogenised in 10 volumes of homogenising buffer and the 
homogenate was filtered through two layers of wet gauze and filtrate was centrifuged at 
500g for IQmin. The supernatant was subsequently centrifuged at 40,000g for 20 min. • 

10 The pellet thus obtained was resuspended in assay buffer (HEPES 20 mM, EDTA 5mM, 

pH 7.4) and were stored at -7(PC until the time of assay. 

Ligand binding assay : The compounds were dissolved and diluted in DMSO. The 
membrane homogenates (150-250 ^ig protein) were incubated in 250 ]il of assay volume 
(HEPES 20 mM, pH 7.4) at 24-250C for 3h. Non-specific binding was detennined in the 

15 presence of 1 (iM atropine . The incubation was terminated by vacuum filtration over 
GF/B fiber filters(Wallac). The filters were then washed with ice cold 50mM Tris HCl 
buffer (pH 7.4). The filter mats were dried and bound radioactivity retained on filters was 
counted. The IC50 & Kd were estimated by using the non-linear cuive fitting program 
using G Pad Prism software. The value of inhibition constant Ki was calculated fi'ora 

20 competitive binding studies by using Cheng & Prusoff equation ^iochem Pharmacol,, 

(1973), 3099-3 108), Ki = IC50 /(l+IVKd), where L is the concentration of [3h]NMS 

used in the particular experiment, pki is -log [Ki], 

Functional Exporiments using isolated rat bladder Animals were euthanized by 
overdose of thiopentone and whole bladder was isolated and removed rapidly and placed 

25 in ice cold Tyrode buffer with the following composition (mMol/L) NaCl 137; KCl 2,7; 
CaCl2 1.8; MgCl2 0,1; NaHC03 11.9; NaH2P04 0.4; Glucose 5.55 and continuously 
gassed with 95% O2 and 5 % CO2. The bladder was cut into longitudinal strips (3mm 
wide and 5-6 mm long) and mounted in 10 ml organ baths at 30° C, with one end 
connected to the base of the tissue holder and the other end connected through a force 

30 displacement transducer. Each tissue was maintained at a constant basal tension of 1 g and 
allowed to equilibrate for 1 *^hour during which the Tyrode buffer was changed every 15- 
20 min. At the end of equilibration period the stabihzation of the tissue contractile 
response was assessed with Ipmol/L of Caibachol till a reproducible response is obtained. 



14 



wo 2004/056810 



PCT/IB2002/005589 



Subsequently a cumulative concentration response curve to carbachol (10' mol/L to 3 X 
10"^ mol/L) was obtained. After several washes, once the baseline was achieved, 
cumulative concentration response curve was obtained in presence of NCE (NCE added 
20 min. prior to the second cumulative response curve. 

The contractile results were expressed as % of control E max. ED 50 values were 
calculated by fitting a non-linear regression curve (Graph Pad Prism). pKb values were 
calculated by the formula pKb = - log [ (molar concentration of antagonist/ (dose ratio- 
1))] where, dose ratio = ED50 in the presence of antagonist/ED50 in the absence of 
antagonist The results of in-vitro tests are listed in Table L 



Table I 



Compoimd 
No. 


Receptor Binding Assay 
(pld) 


Functional 

Assay 

(pkb) 




M2 


M3 




1 


<5 


<5 




2 


<5 


<5 




3 


6.91 


7.7 


8.26+0.25 


4 


<6 


<6 




Tolterodine 


8.3 


S.18 


8.86+0.12 



While the present invention has been desaibed in terms of its specific 
embodimmts, certain modifications and equivalents will be apparent to those skilled in the 
art and are intended to be included within the scope of the present invention. 
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WE CLAIM: 



1. 



A compound having the structure of Formula I 




O 

II _ 
W— C— X— Y— Z— Q- 




Foimula I 

and its phaimaceutically acceptable salts, pharmaceutically acceptable solvates, 
esters, enantiomers, diastereomers, N-oxides, polymorphs, metabolites, wherein: 

W represents (CH2)p, where p rq)resents 0 to 1 ; 

X represents an oxygen, sulphur, -NR or no atom, wherein R represent 

hydrogen or Ci^ alkyU 

Y represents CHRiCO, wherein Ri represents hydrogen or methyl or (CH2)q 
wherein q represents 0 to 4; 

Z represents oxygen, sulphur, NR2, wherein R2 represents hydrogen or Ci-e alkyl; 

Q represents (CH2)n wherein n represents 0 to 4, or CHR3 wherein R3 represents 
H, OH, Ci^ alkyl, Ci-6 alkenyl, Ci^ alkoxy or CH2CHR5 wherein R5 represents 
H, OH, lower alkyl (CrC4) or lower alkoxy (C1-C4); 

R4 rqjresents hydrogen, CrCis saturated or unsaturated aliphatic hydrocarbon 
groups in which any 1 to 6 hydrogen atoms may be substituted with the group 
independently selected from halogen, arylallcyl, arylalkenyl, heteroarylalkyl or 
heteroarylalkenyl having 1 to 2 hetero atoms selected from a group consisting 
of nitrogen, oxygen and sulphur atoms with option that any 1 to 3 hydrogen 
atoms on the ring in said arylalkyl, arylalkenyl, hetero arylalkenyl group may 
be substituted with lower alkyl (C1-C4), lower perhalo alkyl (C1-C4), cyano, 
hydroxyl, nitro, lower alkoxycarbonyl, halogm, lower alkoxy (C1-C4), lower 
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perhaloalkoxy (CrC4), imsubslituted amino, N-lower alkylamino (C1-C4) or N- 
lower alkylamino carbonyl (C1-C4); 

and R7 are independratly selected from H, COOH, CH3, CONH2, NH2 or 
CH2NH2; and 

Rs and R9 are independently selected from a group consisting of hydrogen, 
lower allqd (C1-C4), trifluoromethyl, cyano, halogen, hydroxy, nitro, lower 
alkoxy (C1-C4), amino or lower alkylamino. 

2. The compound according to claim 1 having the structure of Formula II and its 
phannaceutically acceptable salts, pharmaceutically acceptable solvates, esters, 
enantiomers, diastereoraers, N-oxides, polymorphs, metabolites wherein Rs, R9, R4» 
W, X, Y, Z, Q are the same as defined for Formula I 




Formula II 

3, A compound selected from the group consisting of 

9H-Xanthme-9-carboxylic acid-(3-benzyl)-3-azabicyclo[3. 1 ,0]-hex-6-yl]amide; 
9H«Xanttiene-9-carboxylic acid-[3-(4-cyanobenzyl)-3-azabicyclo[3.1 .0]-hex-6-yl] 

amide; 

9H-Xanthene-9-cacboxylic acid-[(3-benzyl)-3-azabicyclo[3.1.0]-hex-6-yl-methyl] 
amide; and 

9H-Xanthene-9-carboxylic acid-[(3-ben2yl)-3-azabicyclo[3.1.0]-hex-l-yl-mefhyl]- 
amide. 

4. A pharmaceutical composition comprismg a phaimac«itically effective amount of a 
compound as defined in claim 1, 2 or 3 together with phannaceutically acceptable 
carriers, excipients or diluents. 
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5 



10 



15 



20 



25 



A method for treatment or prophylaxis of an animal or a human suffering fiom a 
disease or disorder of the respiratory, urinary and gastrointestinal systems, wherein 
the disease or disorder is mediated through the muscarinic receptors, comprising 
administering to said animal or human, a therapeutically effective amount of a 
compound having the structure of Formula I, 



Formula 1 

or its pharmaceutically acceptable salts, pharmaceutically acceptable solvates, esters, 
enantiomers, diastereomers, N-oxides, polymorphs, metabolites, wherein; 

W represents (CH2)p, where p represents 0 to 1; 

X represents an oxygen, sulphur, -NR or no atom, wherein R represents hydrogen 
or Ci.6 alkyl; 

Y represents CHRiCO, wherein R\ represents hydrogen or methyl or (CH2)q 

wherein q represents 0 to 4; 
Z represents oxygen, sulphur, NR2, wherein R2 represents hydrogen or Ci-6 alkyl; 
Q represents (CH2)n wherein n represents 0 to 4, or CHR3 wherein R3 represents 

H, OH, Ci-6 alkyl, Ci-e alkenyl, Ci-6 alkoxy or CH2CHR5 wherein R5 represents 

H, OH, lower alkyi {Ci-C^) or lower alkoxy (Ci-C4); 

R4 represents hydrogen, C1-C15 saturated or unsaturated aliphatic hydrocarbon 
groups in which any 1 to 6 hydrogen atoms may be substituted with the group 
independently selected from halogen, arylallcyl, arylalkenyl, heteroarylalkyl or 
heteroarylalkenyl having 1 to 2 hetero atoms selected from a group consisting 
of nitrogen, oxygen and sulphur atoms with option that any 1 to 3 hydrogen 
atoms on the ring in said arylalkyl, arylalkenyl, hetero arylalkenyl group may 
be substituted witii Iowct alkyl (C1-C4), lower perhalo alkyl (C1-C4), cyano, 
hydxoxyl, nitro, lower alkoxycarbonyl, halogen, lower alkoxy (C1-C4), lower 
pcrhaloalkoxy (CrC4), unsubstituted amino, N-lower alkylamino (C1-C4) or N- 
lower alkylamino carbonyl (C1-C4); 
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and R7 are independently selected from H, COOH, CH3, CONH2, NH2 or 
CH2NH2; 

Rs andR9 are independently selected from a group consisting of hydrogen, lower alkyl 
(C1-C4), trifluoromethyl, cyano, halogen, hydroxy, nitro, lower alkoxy (C1-C4), amino 
5 or lower alkylamino. 

6. The method according to claim 5 for treatment or prophylaxis of an animal or a 
human suffering from a disease or disorder of the respiratory, urinary and 
gastrointestinal systems, wherein the disease or disorder is mediated through the 
muscarinic receptors, comprising administering to said animal or human, a 
10 therapeutically effective amount of a compound having the structure of Formula n, 

and its pharmaceutically accq)table salts, pharmaceutically acceptable solvates, 
estere, enantiomere, diastereomors, polymorphs, or metabolites, wherein Rg, R9, R4, 
W,X,Y,Z and Q are the same as defined for Formula L 



15 




Formuta II 



(Formula I, R6=R7=H) 

7. The method according to claim 5 wherein the disease or disorder is urinary 
incontinence, lower urinary tract symptoms (LUTS), bronchial asthma, chronic 

20 obstructive pulmonary disorders (COPD), pulmonary fibrosis, irritable bowel 
syndrome, obesity, diabetes, and gastrointestinal hyperkinesis. 

8. The method according to claim 6 wherein the disease or disorder is urinary 
incontinence, lower urinary tract symptoms (LUTS), bronchial asthma, chronic 
obstructive pulmonary disorders (COPD), pulmonary fibrosis, irritable bowel 

25 syndrome, obesity, diabetes, and gastrointestinal hyperkinesis. 

9. The method for treatment or prophylaxis of an animal or a human suffering from a 
disease or disorder of the respiratory, urinary, and gastrointestinal systems, wherein 
the disease or disorder is mediated through the muscarinic receptors, con^rising 
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adiainistering to said animal or human, a therapeutically effective amount of the 
pharmaceutical composition according to claim 4. 

10. The method according to claim 9 whrein the disease or disorder is urinary 
incontinence, lower urinary tract symptoms OJUTS), bronchial asthma, chronic 

5 obstructive puhnonary disorders (COPD), puhnonary fibrosis, irritable bowel 
syndrome, obesity, diabetes, and gastrointestinal hypeikineses. 

1 1. A process of preparing a compound of Formula I 



10 




Formula I 

and its pharmaceutically acceptable salts, pharmaceutically acceptable solvates, esters, 
enantiomOT, diastereomers, N-oxides, polymorphs, metabolites, wherein; 



W represents (CH2)p, where p represents 0 to 1; 
15 X represents an oxygen, sulphur, -MR or no atom; wherein R represents hydrogen 

or Ci-6 alkyl; 

Y rq)resents CHRiCO, wh^em Ri represents hydrogen or methyl or (CH2)q 

wherein q represents 0 to 4; 
Z represents oxygen, sulphur, NR2, wherein R2 represents hydrogen or Ci^ alkyl; 
20 Q represents (CH2)n wherdh n represents 0 to 4, or CHR3 wherein R3 represents 

H, OH, Ci,6 alkyl, Cm alkenyl, Ci^ alkoxy or CH2CHR5 wherein R5 represents 
H, OH, lower alkyl (CrC4) or lower alkoxy {Ci-Ca); 

R4 represents hydrogen, CrCis saturated or luisaturated aliphatic hydrocarbon 
groups in which any 1 to 6 hydrogen atoms may be substituted with the group 
25 independently selected from halogen, arylalkyl, arylalkenyl, heteroarylalkyl or 

heteroarylalkenyl having 1 to 2 hetero atoms selected 60m a group consisting 
of nitrogen, oxygm and su^)hur atoms with option that any 1 to 3 hydrogen 
atoms on the ring in said arylalkyl, arjdalkenyl, hetero arylalkenyl group may 
be substituted with lower alkyl {C1-C4), Icwer perhalo alkyl (C1-C4), cyano, 
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10 



15 



hydroxyl, nitro, lower allcoxycarbonyl, halogen, Iowct alkoxy (CrC4), lower 
perhaloalkoxy (Ci-Ca), unsubstituted amino, N-lower alkylamino (CrC4) or N- 
lower alkylamino carbonyl (C1-C4); 

Re and R7 are indepmdently selected fixmi H, COOH, CH3, CONH2, NH2 or 
CH2NH2; and 

Rg and R9 are independently selected from a group consisting of hydrogen, 
lower alkjd (C1-C4), trifluoromethyl, cyaao, halogen, hydroxy, nitro, lower 
alkoxy (CrC4), amino or lower alkylamino, comprismg 

a) condensing a compound of Formula III with a compound of Fonnula IV 

o B R7 

!! ' I 

W— C— OH H— X— Y— Z— Q^yi \^ 




< 



H ^ 

Formula IV 
Formula 111 

wherein W,X,Y,Z, Q, R7, Rs, R9, R« have the same meanings as defined earlier 
forFormula I, to give a protected compound of Formula V, wherein P is a 
protecting group for an amino group, 

8 R7 

;n— p 




20 



Formula V 



b) deprotecting the compound of Fonnula V in the presence of a deprotecting 
agent to give an unprotected intermediate of Formula VI wherein Rg^Rt^Rs^Rp, 
W,X,Y,Z,Q are the same as defined earlier, and 



25 




N— H 
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c) the intermediate of Formula VI is N-allcylated or benzylated with a suitable 
alkylating or benzylating agent, L-R4 wherein L is any leaving group, to give a 
compound of Formula I wherem R4, Rgjl^^^i^?, W,X,Y,Z,Q are the same as 
5 defined earlier. 

12. The process according claim 11 wherein P is selected ftom the group consisting of 
baizyloxy and t-butyloxy carbonyl groiqps. 

13. The process according to claim 1 1 wherein the reaction of a compound of Formula ILL 
with a compound of Formula IV to give a compound of Formula V is carried out in a 

10 suitable condensing agent which is selected from the group consisting of l-(3- 
dimethylamino propyl)-3-ethyl carbodiimide hydrochloride (EDC) and 1,8- 
diazabicyclo [5.4.0] undec-7-ene pDBU). 

14. The process according to claim 11 wherein the reaction of a compound of Formula IH 
with a compound of Formula IV to give a compound of Formula V is carried out in the 

15 presence of a suitable solvent selected from the group consisting of N,N 
dimethylformamide, dimethyl sulphoxide, toluene and xylene. 

15. The process according to claim 1 1 wherein the reaction of a compound of Formula in 
with a compound of Formula IV is carried out at a temperature ranging from about 0- 
140^C. 

20 16. The process according to claim 1 1 wherein the dq)rotection of a compound of Formula 
V to give a compound of Formula VI is carried out with a deprotecting agent which is 
selected from the group consisting of palladium on carbon, trifluoroacetic acid and 
hydrochloric acid. 

17. The process according to claim 11 wherein the deprotection of a compound of Formula 
25 V to give a con:q>ound of Formula VI is carried out in a suitable solvent selected from 

Ihe group consisting of methanol, ethanol, tetrahydrofuran, and acetonitrile. 

18. The process according to claim 11 wherein the N alkylation or benzylation of a 
compound of Formula VI to give a compound of Formula I is carried out with a 
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suitable alkylating or beii2ylating agent, L-R4, wherein L is any leaving groiq? aad R4 
is the same as defined earlier. 



23 



INTERNATIONAL SEARCH REPORT 



int m Applleation No 

PCT/IB 02/05589 



A. CLASSIF1CAT10N0F SUBJECT MATTER 

IPC 7 C07D405/12 A61K31/40 A61P11/00 A61P1/00 



According to internattona! Pai&nt ClassWcatton (IPC) or to both nallQnaJ cJasslflcaflon and IPC 



B. FIELDS SEARCHED 



Mfnimum dcx;umentatbn searched (classification System foBcwied by dassfficafion symbols) 

IPC 7 C07D A61K 



Documdntation searched other than m^imum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (naine of data I>a8eand, where practical, search terms used) 

CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT . 



Category * Citation of documert. viAh indication, wher& appioprlate, of the lelevant passages 



Relevant to daim No. 



EP 0 309 422 A (ISTITUTO DE ANGELI S.P.A.) 
29 March 1989 (1989-03-29) 
claims 1-19 

WO 01 04118 A (ALMIRALL PRODESFARMA S.A.) 
18 January 2001 (2001-01-18) 
claims 1-35 

WO 98 05292 A (SCHERIN6 CORPORATION) 
12 February 1998 (1998-02-12) 
claims 1-12 



1-18 



1-18 



1-18 



□ 



Further documents are listed In the continuation of t)ox a 



Patent family members are fisted in annex. 



* Speda) categories of cited documents : 

*A' document defining the general state of the art which is not 
considered to t)e of pvticular rslevance 

'E' earlier document tml putilishBd on or after the international 

fillip date 

'L' document which may throw doubts on priority claim<9)or 
wtiich is cited to establish the pubScation date of another 
cdatfon or oth er spedal reason (as specified) 

*Cr document referring to an oral disclosure, use, exhiWlionor 
other means 

'P' document published prior to the international filing date but 
later than the prtortty date claimed 



*r laterdocument published after the internation^ fifing date 
or prtortty dale and not In confnct with the application but 
cited to understand the principle or theoiy underlying the 
Invention 

*X' document of particular relevance: the claimed inventbn 
cannot be considered novel or cannot be considered to 
bivohre an Inventhre step when the document IS taken alone 

*Y' document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combinaUon being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the International search 



10 April 2003 



Dale of mailing of the International search report 



17/04/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Paienilaan 2 
NL-2280HVRi]swqi( 
Tel. (-131-70) 340-2040, Tx. 31 651 epo nl. 
Fax (+31-70) 340-3016 



Authoriffid officer 



Herz, C 



Form PCTASAA210 (sefxmd sheet) tkit^ 1992} 



INTERNATIONAL SEARCH REPORT 



Intd I Applleatton No 

PCT/IB 02/05589 



Patent document 
cited In search report 



Publication 
dale 



Patent family 
meinber(s) 



EP 309422 



29-03-1989 



AU 
DD 
DK 
EP 
FI 
OP 
NO 
PL 
PT 
YU 



2238088 A 
282689 A5 
522688 A 

0309422 A2 
884305 A 

1132567 
884174 
274753 Al 
88544 A 
177188 Al 



A 
A 



WO 0104118 



UO 9805292 



12-02-1998 



US 5889006 A 

AT 233260 T 

AU 724001 B2 

AU 3899997 A 

BR 9711119 A 

CN 1232462 A ,B 

CZ 9900366 A3 

DE 69719354 Dl 

EP 0938483 A2 

HU 9902827 A2 

JP 2000501117 T 

KR 2000029947 A 

NO 990551 A 

NZ 333801 A 

PL 331534 Al 

SK 15599 A3 

TR 9900255 T2 

UO 9805292 A2 

US 6043255 A 

ZA 9707011 A 



Publication 
date 



23-03-1989 
19-09-1990 
22-03-1989 

29- 03-1989 
22-03-1989 
25-05-1989 
22-03-1989 
12-06-1989 
31-07-1989 

30- 04-1990 



18-01-2001 ES 2165768 Al 16-03-2002 

AU 6433000 A 30-01-2001 

BG 106301 A 30-08-2002 

BR 0012434 A 02-04-2002 

CN 1373760 T 09-10-2002 

CZ 20020121 A3 13-11-2002 

WO 0104118 A2 18-01-2001 

EP 1200431 A2 02-05-2002 

HU 0202100 A2 28-10-2002 

OP 2003504368 T 04-02-2003 

NO 20020180 A 13-03-2002 

• TR 200200768 T2 22-07-2002 

US 2003055080 Al 20-03-2003 



30-03- 

15- 03- 
07-09- 
25-02- 
23-11- 

20- 10- 

16- 06- 
03-04- 

01- 09- 
28-08- 

02- 02- 
25-05- 
07-04- 
28-04- 
19-07- 
13-03- 

21- 07- 
12-02 
28-03 
06-02 



1999 
2003 
2000 
1998 
1999 
1999 
1999 
2003 
1999 
2000 
■2000 
-2000 
■1999 
■2000 
■1999 
-2000 
-1999 
-1998 
-2000 
-1998 



Fovm POT/ISA/SIO OMtont family amax} pu]y 1992] 



